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1.  Introduction 


The  previous  efforts  by  the  Ground  Support  Equipment  Labora¬ 
tory  on  this  project  are  presented  in  progress  reports  RL-TM-63-11, 
dated  9  August  1963,  and  RL-TM-64-6,  dated  21  July  1964.  The  pur¬ 
pose  of  this  report  is  to  define  project  activities  and  results  from 
10  July  1964  to  their  completion  on  1  July  1965.  MAULER  firing  tests 
used  in  this  project  were  completed  14  June  1965. 

2.  Discussion 

a.  Purpose  of  Study 

The  purpose  of  this  project  was  to  develop  a  coating  mate¬ 
rial  which  would  provide  the  beat  possible  protection  for  die  MAULER 
pod  under  conditions  of  multiple  firings  {Table  I).  During  missile 
firings,  the  top  surface  areas  of  the  MAULER  weapon  pod  are  subjected 
to  extremely  high  temperatures,  pressures,  and  exhaust  blast  residues 
emitting  from  the  plumes  of  MAULER  missiles.  These  environments 
introduce  severe  corrosive  and  erosive  conditions  which  damage  the 
paint  finish  and  basic  materials  of  the  weapon  pod. 

b.  New  Materials  Tested 


In  addition  to  6  specimen  materials  further  investigated 
from  the  previous  investigation  period,  there  were  16  new  specimens 
tested.  The  specimen  numbers  of  the  16  materials  tested  were: 
RSA64-17-A,  RSA64-18-A,  RSA64-19-A,  RSA  64-20- A,  RSA  64-21-A, 
RSA  64-22-A,  RSA  64-23- A,  RSA  64-24-A,  RSA  64-25,  RSA  64-26, 

RSA  64-27,  RSA  64-28-SS,  RSA  64-29- A,  RSA  64-30- A,  RSA  64-31- A, 
and  RSA  64- 32- A.  The  material  sources  are  outlined  in  Table  II. 

c.  Total  Materials  Tested  This  Period 


Twenty- two  materials  were  subjected  to  firing  tests  at 
White  Sands  Missile  Range  in  New  Mexico  (Table  III).  The  results  of 
the  tests  are  contained  in  Tables  IV  and  V,  and  Fi  ires  1  through  58. 

d.  Materials  Obtained  During  Period  (Untested) 

Five  test  specimens  were  received  from  the  U.  S.  Army 
Coating  and  Chemical  Laboratory,  Aberdeen  Proving  Ground,  Maryland. 
These  specimens  were  received  too  late  to  be  scheduled  for  testing. 

Two  of  these  specimens  were  damaged  in  transit  between  the  Aberdeen 
Proving  Ground  and  the  U.  S.  Army  Missile  Command  at  Redstone 
Arsenal.  The  data  for  the  five  untested  specimens  are  as  follows: 


For  m  u?.  a 


Type 


555-151 
555- 1 12 
555-11} 
555-  121 
555-125 


Fiberglass- Epoxy 
Fibe  rglas  s-  Epoxy 
Fiberglass- Epoxy- Polyamide 
Fiberglass- Aluminum-Epoxy 
Fiberglass- Urethane 


In  accordance  with  verbal  instructions  from  the  V,  S.  Army  Coating 
and  Chemical  Laboratory,  the  preceding  specimens  are  to  be  retained 
by  the  Ground  Support  Equipment  Laboratory  for  possible  investigation 
in  future  projects, 

e.  'Multiple  Firing  Teat  jTvso  or  More) 

Finish  a ,ri<S  coating  specimens  subjected  to  multiple  firing 
tests  at  Whit*  Sands  Missile  Range  were  as  follows: 


Specimen  No, 

RSA  4- A 
R3A  64-3-A  . 
RSA  64- 6- A 
RSA  64-?- A- " 
';,RSA  £4-  14- A 
RSA  64-21-  A 
RSA  64-23®  A  : 


No*  of  Firiag  Testa 


■j,  i  > 


;-,r  #SfeXe<sfced  for  three ^ multiple; f*risRg4ests  which  were  accomplished 

--  :22  1965,  als "14  Jhne  |965'«  T&e’ldasr  specl- 

?  dpt  weighed*  rfti hresRstgsir  i«5au^sred,  „er  photographed: 

'  ^  shccessToh,  R§A  u4~4~A*  ,RSA6i-&-h-At_as<i- 

si  acceptable. whereas,  RSA  44-21-A 


3.  Conclusions 


•  a.  Pod  Protection 

The  weapon  pod  firing  unit  (Figure  to  be  protected 
includes  three  areas  which  receive  rocket  motor  blasts.  These  areas 
are  as  follows  (Table  VI): 

1)  Areas  that  receive  nearly  perpendicular  blasts  from 
the  missiles  at  a  relatively  close  range. 

2)  Areas  that  receive  less  severe  non- perpendicular 
blasts,  usually  at  greater  distances  from  the  rocket  motor  nozzle. 

3)  Areas  that  .-.re  subjected  only  to  deflected  or  indirect 
blast  impingement. 

b.  Methods  of  Testing 

The  following  were  the  four  basic  methods  of  testing 
utilized  in  the  overall  program: 

1)  Subjecting  specimens  to  mechanical  testing. 

2)  Subjecting  specimens  to  small  2- inch  rocket  static 
firings  at  the  contractor's  facilities,  or  small  rocket  firings  at  Redstone 
Arsenal. 

3)  Subjecting  specimens  to  MAULER  static  firings. 

4}  Subjecting  specimens  to  actual  environmental  condi¬ 
tions  of  the  MAULER  firing  unit  at  White  Sands  Missile  Range  in  the 
following  order: 


firing  tests. 


a)  Promising  specimens  --  single  firing  tests. 

b)  Best  promising  specimens  --  two  or  three 


6)  ®est  performing  specimens  --  multiple  firing  tests, 

NOTE:  Tests  performed  during  the  period  covered  by  this  report  were 
limited  to  method  4)  above. 


c.  First  Specimens  Selection 

Specimens  subjected  to  firing  tests  during  period  10  July 
1964  to  14  June  1965  were  the  most  promising  materials  investigated  by 
MJCOM.  The  22  materials  tested  during  this  period  were  first  sub¬ 
jected  to  a  single  firing  test  on  the  MAULER  firing  unit  before  a  selec¬ 
tion  was  made  of  the  best  performing  materials.  Those  specimens  with 
the  highest  amount  of  coating  erosion,  bonding  failures,  and  other 
unsatisfactory  conditions  were  disqualified  after  the  first  firing  test  or 
sifter  subsequent  firing  tests. 

d.  Final  Specimens  Selection 

The  final  selection  of  specimens  for  multiple  firing  tests 
was  made  on  the  basis  of  coating  weight  loss,  coating  percentage  loss, 
condition  of  coating  surface,  bonding  adherence  to  substrates,  and  the 
availability  of  remaining  firings  (Tables  VII  through  XXIX  and  Figure 
60).  Some  materials  showing  promise  were  disqualified  in  favor  ox 
other  materials  because  the  testing  program  from  1  April  1965  to 
14  June  1965  limited  the  number  of  specimens  which  could  be  tested. 

As  a  result  of  an  evaluation  to  determine  the  best  performing  materials, 
four  specimens,  RSA  64-4- A,  RSA  64-6- A,  R3A  64-12-A,  and  PSA  64- 
29- A,  were  selected  and  tested. 

e.  Specimen  Arrangement 


Tests  conducted  at  White  Sands  Missile  Range  consisted  of 
specimens  arranged  in  clusters  of  four  with  the  coating  substrate  panels 
bolted  to  test  fixtures  attached  to  the  firing  unit  structure  (Figures  6i 
and  62). 

f.  Conditions 

Tests  conducted  at  White  Sands  Missile  Range  were  con¬ 
fined  to  one  ^rea  of  the  firing  xxnit  in  order  to  assure: 

1)  All  materials  tested  under  conditions  of  the  actual 
firing  unit  would  bs  subjected  to  equivalent  test  conditions. 

i  2)  A  maximum  number  of  materials  could  be  tested  with 

4  minimum  number  of  firings. 

Accentablc  Specimens 


Three  of  the  four  specimens  subjected  to  successive  multiple 
firing  tests,  20  through  22  April  1965  and  14  June  1965,  are  considered 


4 


to  have  performed  on  an  acceptable  level  (Table  VII),  These  are  RSA 
64-4-A,  and  RSA  64-6-A,  which  were  subjected  to  a  total  o-  six  firings, 
and  RSA  64-29-A,  which  was  subjected  to  a  total  of  four  firings.  Speci¬ 
men  RSA.  64-21 -A  was  disqualified  after  subjection  to  its  fourth  firing 
test.  All  three  of  the  successful  specimens  are  considered  to  generally 
meet  the  prerequisites  established  for  the  program.  The  first  two  ot 
the  successful  specimens  were  materials  applied  by  trowel,  whereas 
the  third  successful  specimen  was  a  material  requiring  spray  applica¬ 
tion.  Specimen  RSA  64-4-A  was  rated  above  specimen  RSA  64-6-A 
because  there  were  indications  of  minor  bonding  failures  at  two  corners 
of  the  latter  specimen,  which  were  not  apparent  until  after  the  sixth 
firing  test. 

h.  Solution 

Although  three  of  the  candidate  materials  investigated  have 
shown  acceptable  results  when  tested  by  actual  firings,  a  better  solu¬ 
tion  to  the  weapon  pod  deterioration  problem  would  be  a  factory  applied 
finish  and  coating  capable  of  withstanding  missile  blasts  for  the  life  of 
the  weapon  pod.  When  future  finish  and  coating  developments  are  made, 
those  materials  which  have  shown  promise,  but  which  were  disqualified 
in  favor  of  other  more  promising  materials,  should  be  reinvestigated 
and  subjected  to  multiple  firing  tests. 

4.  Recommendations 


a.  Field  Application 

If  the  MAULER  weapon  pod  is  to  be  protected  by  finishes 
and  coatings  which  can  be  applied  and  repaired  in  the  field,  the  following 
protective  finishes  and  coatings  are  recommended  in  order  of  preference: 

1)  RSA  64-4-A.  Two  part  epoxy  matrix-type  coating. 
Commercial  designation:  PT-2090  Heac  Glaze  (see  Table  XXX  for 
de  script  ion).  Products  Techniques  Incorporated 

2)  RSA  64-6-A.  Epoxy  and  fiberglass,  two  part  com¬ 
pound  Commercial  designation:  T594Y'.  1  Twin  Weld  (see  Table  XXX 
for  description),  Schramm  Products,  Incorporated 

3)  RSA  64-29-A.  Alkali  metal  silicate  pigmented  with 
inorganic  fillers.  Commercial  designation:  WSX-5833,  Inorganic 
high  temperature  coating  for  missile  applications  (see  Table  XXX  for 
description),  ENJAY  Chemical  Company. 
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Further  Research 


.this  project  should  be  continued  for  further  evaluation  of 
the  three  materials  recommended  aoove,  and  the  best  six  of  the  remain- 
ing  investigated  group,  when  suojected  to  a  greater  number  of  multiple 
firings.  If  additional  MAULER  firings  are  not  available  for  continuing 
the  project,  other  similar  test  missiles  should  be  used. 


A  new  project  should  be  undertaken  to  develop  factory  applied 
materials,  finishes,  or  both,  wnich  are  capable  of  withstanding  actual 
missile  blasts  for  the  service  life  of  the  MAULER  weapon  pod.  These 
developments  are  needed  to  eliminate  field  application  and  repair. 
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Table  I.  Coating  Prerequisites 
General  Requirements 


Coating  application  should  be  limited  to  a  maximum  three  step 
operation.  A  single  step  operation,  if  feasible,  is  highly  desirable. 

Coating  application  should  be  easy  and  simple  under  field  conditions 
with  the  use  of  common  tools  by  Army  personnel  having  a  minimum 
of  training  in  application  technique.  Application  of  the  protective 
coating  by  means  of  either  a  brush,  trowel,  or  by  spray  method  is 
desired. 

The  coating  material  must  cure  within  16  hours  or  less  after  appli¬ 
cation  without  the  use  of  supplementary  heating  equipment.  If 
necessary,  drying  agents  such  as  amine  may  be  added  to  the  basic 
compcund(s)  for  expediting  curing  time.  Coating  compounds  and 
drying  agents  must  be  compatible. 

The  ingredients  oi  the  coating  material  shall  be  capable  of  bonding 
together  and  adhere  strongly  to  the  aluminum  surfaces  of  the 
weapon  pod. 

Weight  of  the  coating  compounds  after  application  and  curing  shall 
not  exceed  1.5  pounds  per  square  foot.  A  coating  material  weighing 
less  than  1.1  pounds  per  square  foot  is  desired  in  order  to  mini¬ 
mize  additional  weight  on  tke  weapon  pod. 

The  color  of  the  finished  coating  compound  should  match  as  nearly 
as  possible  the  color  of  the  weapon  pod.  Coating  compounds,  de¬ 
veloped  locally  or  obtained  from  any  source,  should  either  be 
colored  olive  drab  or  should  be  capable  of  being  colored  by  the 
addition  of  non-oily  type  olive  drab  pigment. 

The  developed  coating  when  applied  shall  be  capable  of  withstanding 
high  temperatures  of  2000 °F  to  6000°F,  pressures  ranging  from 
100  psi  to  400  psi,  and  the  effects  of  alumina -propellant  particles 
during  the  blastoff  of  MAULER  missiles  for  time  periods  up  to  1/8 
second.  Either  a  single  firing  or  multiple  firings  at  a  stable 
azimuth  and  elevation  position,  or  a  varied  combination  of  azimuth 
and  elevation  positions,  are  highly  probable  under  tactical  situa¬ 
tions  .  Blast  impirsgem  ent  points  on  the  weapon  pod  will  vary  from 
8  to  26  inches  under  the  above  stated  conditions. 
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Table  I,  (Concluded) 


The  final  coating  finish  should  have  a  nonskid  type  surface  when 
wet.  This  type  surface  is  particularly  desired  for  safety  of 
personnel  when  walking  on  areas  of  the  weapon  pod  that  are  coated 
with  the  protective  coating  material. 

The  developed  coating  should  be  easily  repairable  as  a  field  fix 
under  tactical  conditions,  when  required,  by  utilizing  identical 
materials  and  techniques  employed  for  the  initial  application  of  the 
coating. 


Table  II.  Material  Sources  and  Designators 


Specimen 

1.  RSA  64 -4 -A 
{Prepared  by  GSE  Lab) 

2.  RSA  64-5-A 
(Prepared  by  GSE  Lab) 

3.  RSA  64 -6 -A 
{Prepared  by  GSE  Lab) 

|  4.  RSA  64 -7 -A 

(Prepared  by  GSE  Lab) 


RSA  64-14-A 
RSA  64-15 -A 
{Prepared  by  C&C  Lab) 

RSA  64-17 -A 
RSA  64- 18 -A 
RSA  64- 19 -A 
RSA  64-20 -A 
{Prepared  by  Supplier) 

RSA  64-21 -A 
RSA  64-22 -A 
RSA  64- -2 3 -A 
RSA  64 -24 -A 
(Prepared  by  Supplier) 

RSA  64-25 
RSA  64-26 
RSA  64-27 

(Prepared  by  GSE  Lab) 

RSA  64-28  SS 
(Prepared  by  GSE  Lab) 

RSA  64-29 -A 
RSA  64-30 -A 
(Prepared  by  Supplier) 

RSA  64-31 -A 
RSA  64 -32 -A 
(Prepared  by  Supplier) 


Source 

Product  Techniques  Incorporated 
Los  Angeles,  California  (AA) 

Dyna-Therm  Chemical  Company 
Burbank,  California  (BB) 

McMaster -Carr  Supply  Company 
Chicago,  Illinois  (CC) 

Deveon  Corporation,  Danvers, 
Massachusetts  (DD  and  Ground  Support 
Equipment  Laboratory,  Redstone 
Arsenal,  Alabama  (EE) 

U.  S,  Army  Coating  &  Chemical 
Laboratory,  Aberdeen  Proving  Ground 
Maryland  (FF) 

Lord  Manufacturing  Company 
Erie,  Pennsylvania  (GG) 


Raytheon  Manufacturing  Company 
Lowell,  Massachusetts  (HH) 


Raybestos -Manhatten  Company 
Manheim,  Pennsylvania  (II) 


National  Aeronautics  &  Space  Adminis¬ 
tration,  Redstone  Arsenal,  Alabama(JJ) 

ENJAY  Chemical  Company 
Division  of  Humble  Oil  Co. 

New  Orleans,  Louisiana  (KK) 

Thiokol -Alpha  Division 

Redstone  Arsenal,  Alabama  (LL)  S' 
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Table  VII.  Material  Chat acteristics  and  Description 
(Three  Best  Performing  Specimens  Tested) 


RSA  64-4-A 


100%  soiids,  two  component  epoxy  material.  Pigments  in  the  matrix 
are  the  type  used  in  fire  retardant  coatings.  Component  "A"  is  white 
and  of  100%  solids.  Component  "B"  is  of  100%  solids  heavy  grey  paste. 
The  components  are  mixed  equal  parts  by  volume;  tro  el  application; 
pot  life  three  hours:  cure  time  12  hours  or  overnight  (accelerated 
curing  can  be  achieved  at  180°F  for  1  hour  by  using  heat  lamps).  Weight 
per  gallon  -  11  pounds.  The  cost  of  this  material  is  approximately 
$60.58  per  2  gallon  kit  (discount  of  10%  on  orders  in  excess  of  50 
gallons).  Available  in  olive  drab  color  by  adding  pigment. 


SSA  64-6 -A 


Material  is  a  balanced  combination  of  epoxy  resin,  hardeners,  fillers, 
etc.  ,  regularly  specified  by  NASA  in  satellite  programs.  Available  in 
olive  drab  if  specifically  ordered  in  sufficient  quantity.  Pot  life  at 
25  °C  ranges  3  to  4  hours.  3/16  inch  coating  dries  in  5  to  6  hours. 

Two  component  compounds,  "A"  and  "B"  mixed  equal  parts  by  volume. 
Weight  per  gallon  -  10  pounds.  Materials  can  be  furnished  in  1/10 
gallon  caulking  tubes,  5  gallons  of  component  ,!A"  and  5  gallons  of 
component  "B"  in  a  10  gallon  pail.  Similarly,  a  combination  of  7  3/4 
gallon  and  15  1/2  gallon  pails  could  be  used  with  each  pail  containing 
7  1/2  gallons.  55  gallon  open  head  drum.  The  approximate  cost  of 
the  material  is  $31.  10  (500  gallons),  $30.20  (1000  gallons),  $29.  15 
(1500  gallons),  $26.35  (3500  gallons),  $25.20  (4500  gallons),  $21.80 
(5000  galsona).  Materials  supplied  in  55  gallon  open  head  drums,  one 
component  tq  be  so  pigmented  that  the  color,  when  the  two  components 
are  mixed,  will  be  olive  drab. 


RSA  64-29 -A 


100%  inorganic  self -curing,  hard -drying,  heat  resistant  protective 
coating.  Two  components  "A"  and  "B,:  required  to  be  premixed  prior 
to  use.  Available  in  two  one-gallon  compartments  compartment  "A" 
of  WS3C-5833  is  self^curing  aqueous  alkali  metal  silicate  vehicle,  com¬ 
partment  is  a  specially  compounded  mixture  of  powders  and  dusts 
imparting  solids  --DD-3058  special  alkali  silicate  solution  31.7  wt  %, 
other  inorganic  pigments  20.  4  wt  %,  zinc  dust  47.9  wt  %.  Weight  per 
gallon  -  20.  13  pounds.  Spray  gun  application.  Available  in  green 
cersjgfic  pigments  (not  olive  drab).  A  version  of  olive  drab  is  available. 
Drying  time  ~  5  hours  at  75°F  (50%  R.  H. ),  2  hours  at  90°F  (30%  R.H.), 
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Table  VII.  (Concluded) 


15  -  24  hours  at  50“F  (90%  R.  H.  ).  Estimated  weight  ?cured  state)  -- 
0.  09752  pounds  per  square  foot  (4  mils).  Cost  of  materials  in  quantities 
of  500,  1000,  1500,  2500,  3500,  and  5000  gallon  lots  (FOB  New  Orleans, 
Louisiana)  have  no  firm  price.  According  to  svipoiier,  the  coat  will  ne 
approximately  $25.00  per  gallon. 
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Table  XXX.  Application  Weight  Data 


Specimen 

Number 

Grams  Per 
Specimen 

Grams  Sq/  Ft 
Equivalent 

Grams 

80  Sq  Ft 

Pounds  Required 
60  Sq  Ft 

' 

RSA  64 -4 -A 

127.  0 

254.0 

20, 320 

46. 62* 

PSA  64-5 -A 

98.  4 

196.  8 

15. 7  44 

34.  69 

RSA  64 -6 -A 

90.  8 

131.6 

14, 528 

32.00* 

RSA  64-7 -A 

115.  4 

230.8 

18. 464 

40.  68 

RSA  64-1  4 -A 

133.7 

267.  4 

21,  392 

47  7  3 

RSA  64-1 5 -A 

100.  0 

200.  0 

16,  000 

35.  25 

RSA  64-1 7 -A 

97.  8 

193.  6 

1  5,  648 

34.  47 

RCA  64 -18 -A 

86.  1 

172-  2 

13,776 

30.  35 

RSA  64- 19 -A 

108.  0 

216.  0 

I?, 280 

38.07 

RSA  64-20-A 

87.  5 

175.  0 

14,  000 

30.85  j 

RSA'  64-21  -A 

no.  5 

221.  0 

1?, 680 

38,^5  | 

RSA  64 -22 -A 

108.  4 

216.  8 

17, 344 

38.21 

RSA  64 -2 3 -A 

1 13.  0 

226,  0 

18, 080 

39-  S3 

RSA  64 -2 4 -A 

127. 6  — 

255.  2 

20, 416 

44.  98 

RSA  64-25 

246.  4 

492.  & 

39, 424 

So.  86 

RSA  64-26 

258.  6 

51?.  2 

41.376 

91.16 

RSA  64-27 

27  3.4 

546.  8 

43,  944 

96.81 

RSA  64-28 -SSj 

1132. 2 

2264. 4 

181, 152 

399- 10  I 

P.SA  64-29 -A 

47.  0 

94.  0 

7,520 

16. 5.*  j 

RSA  64 -30 -A 

49.  3 

98.  6 

7,86: 

17,38  j 

RSA  64-31 -A 

2  16.  2 

59?-.  4 

47,392 

104,41  1 

RSA  64-32 -A 

155.  2 

210.  4 

16,832 

87-08 _ 1 

^Recommended  Anaterial  based  upon  results  of  multiple  firing  tests 
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Coating  Specimen  RSA  64- 4-  A  Aft 
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Figure  6.  Coating  Specimen  RSA  64-4- a  After  Multiple  Firing 

l  est  Nos,  4.  6,  and  6 
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Figure  7.  Coating  Specimen  RSA  64-  5-  A  Before  Test  Nc: 


Figure  ii. 


Coating  Specimen  RSA  64-6- A 


After  Test  No. 
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Figure  15.  Coating  Specimen  RSA  64- 7- A  Before  Test  No 


Figure  16.  Coating  Specimen  RS A  64-7-A  .After  Test  No.  1 
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Figure  17.  Coating  Specimen  RSA  64-7-A  After  Test  No.  2 
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Figure  24.  Coating  Specimen  RSA  64- 17-  A  Before  Test  No.  1 


Figure  28.  Coating  Specimen  RSA  64- 19- A  Before  Test  No.  i 
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gure  30.  Coating  Specimen  USA  64-20-A  Before  Test  No 


Figure  33.  Coating  Specimen  RSA  64-2I-A  After  Test  No.  1 
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Figure  36.  Coating  Specimen  RSA  64- 22- A  After  Test  No.  1 
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Figure  44.  Coating  Specimen  KS.A  64-26  After  Test  No.  1 
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Figure  53.  Coating  Specimen  RSA  64-30- A  After  Test  No.  J 
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Figure  54.  Coating  Specimen  RSA  64-31-A  Before  Test  No.  1 


Figure  57.  Coating  Specimen  RSA  64-32 -A  After  Test  No.  1 
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RSA  64-25 

RSA  64-27 

. 

RSA  64-26i 

^  RSA 
64-28 -SS 

_ 

BTV-11  Firing 
13  January  65 
13.  0"  Distance 
QE  =  52° 

Impingement  point 
1-3/4"  down  from 
top  center 


Impingement  point 
3"  from  center 
QE  =  47* 


RSA 

64-29-A 

RSA 
64-31 -A 

RSA 

64 -30 -A  | 

L_J 

RSA 
64-32 -A 

7.  GTV-14  Firing 
4  February  65 
13.  0"  Distance 
QE  =  48.  6® 


Impingement 
point  3-3/8" 
below  Center 
QE  =  48° 


L 

RSA 

64-21 -A 

RSA 

64-29-A 

RSA 
64-4  -A 

RSA 
<64-6 -A 

Xmpingsm^t  point 
tog" 

r  :  f  I 

|  ESA  j  USA  j 

1  64— 6— A.  -f  6s -4— A  $ 

j  .  i 

f  J  5 


1  -  I 

)  ESA  |  ASA  5 
\  64-21  -A  64  ‘29  -A  ? 


8.  GTV-19  Firing 

20  April  65  Impingement  point  5" 


QE  =  25.  0‘ 


down  from  to 

oat  center 

RSA 

/RSA 

64 -6 -A 

/64-4-A 

RSA 

F.3A 

64-21 -A 

64-.9-A 

9.  G?Y-?S^  Fifing  23  April  65 
16.0  "  Distance  QE  =  23.  C“ 


13,  GTV-22  Firing  14  June  65 
ri.  75"  Distance  QE  =  43.  0‘ 


Fig*cee  58  ( Cone  ludsKlj 
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'igure  6i-  Measurements  of  Typical  Aluminum  Control  Substrate 


Format 

All  specimens  v/ere  measured  with  the  engraving  on  the  back,  right  side 
up,  and  all  specimens  had  the  coatings  facing  upward: 

The  measurements  were  taken  at  13  stations  marked  by  X's  on  the 
abwe  diagram. 

Note:  Station  numbers  shown  in  parentheses 


Figure  62.  Distribution  of  Specimen  Measurement  Stations 
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